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Since  evoked  potential  recording  is  a  means  of  objectively  assessing 
specific  visual  functions  that  are  relevant  to  flying  and  hence  of  asses¬ 
sing  workload,  the  evoked  potential  technique  has  been  proposed  as  one 
element  in  a  test  battery.  However,  a  number  of  specific  experiments 
must  be  carried  out  before  fully  satisfactory  evoked  potential  tests  can 
be  defined.  In  order  to  carry  out  these  essential  experiments,  it  is 
necessary  to  develop  new  forms  of  visual  stimulation,  and  to  establish 
new  forms  of  analysis  procedure.  These  analysis  methods  (involving 
developments  of  the  "simultaneous  stimulation"  and  interleaving  techniques) 
are  aimed  to  combat  the  effects  of  evoked  potential  variability  and  non- 
stationarity. 

The  experimental  evoked  potential  (EP)  research  that  was  proposed 
under  this  grant  fell  under  the  following  four  headings:  (1)  Assessment 
of  stereo  vision;  (2)  Assessment  of  simple  visual  acuity;  (3)  Assessment 
of  contrast  sensitivity  at  medium  and  low  spatial  frequencies.  Distinc¬ 
tion  between  contrast  evoked  potentials  and  local  luminance  evoked 
potentials  produced  by  pattern  stimulation;  (4)  Methods  for  measuring 
the  conduction  speed  of  visual  signals.  For  reasons  given  below  only 
about  50%  of  the  proposed  work  has  been  completed  during  the  grant  period 
(though  considerably  less  than  50%  of  the  total  funds  have  been  expended) . 
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Reason  why  50%  of  the  research  aims 
were  not  achieved  during  the  one-year  grant  period 

Due  to  some  initial  delay  in  establishing  funding,  a  suitable  post¬ 
doctoral  assistant  accepted  another  post,  and  a  well-qualified  graduate 
student  had  to  be  started  on  another  project.  I  advertised  the  position 
in  scientific  journals  and  received  about  30  applications  from  candidates 
interested  in  this  type  of  research.  I  took  up  references  for  almost  all 
of  these  applicants,  and  interviewed  several.  Unfortunately,  none  of  the 
candidates  met  the  demanding  technical  (electronic)  and  scientific  demands 
of  the  project.  Rather  than  appoint  assistants  whose  abilities  to  meet 
the  demands  of  this  project  were  in  any  doubt,  I  continued  to  search  for 
adequately  qualified  and  capable  assistants.  Although  assistants  were 
found  who  were  well  qualified  for  other  of  our  projects,  unfortunately 
none  were  found  suitable  for  this  project  during  the  period  of  the  grant. 
In  order  to  ensure  that  progress  was  made  during  the  period  of  the  grant, 

I  undertook  the  technical  and  experimental  work  myself  without  assistants 
using  equipment  mostly  borrowed  from  other  projects  and  researchers. 
Although  about  50%  of  the  aims  stated  in  the  grant  application  have  been 
achieved,  due  to  lack  of  assistance,  progress  has  been  much  less  than  I 
had  planned  and  envisaged.  However,  expenditure  has  been  much  less  than 
50%  of  the  total  sum  allowed,  mainly  because  I  did  not  intend  to  purchase 
the  larger  items  of  equipment  until  full  achievement  of  the  experimental 
aims  could  be  confidently  envisaged. 


(c)  STATUS  OF  RESEARCH  EFFORT 


Aims  2  S  3:  Assessment  of  visual  acuity;  Assessment  of  contrast  sensitivity 
at  medium  and  low  spatial  frequencies  and  distinction  between  contrast  EPs 
and  local  luminance  EPs  produced  by  pattern  stimulation. 

The  major  problem  in  interpreting  evoked  potentials  produced  by  pattern 
stimulation  is  to  distinguish  between  evoked  potential  components  that  are 
genuinely  produced  by  contrast  stimulation  and  components  produced  by  local 
luminance  changes  (i.e.  local  flicker).  A  major  proportion  of  all  papers 
on  pattern  evoked  potentials  do  not  confront  this  problem.  Consequently, 
there  is  a  serious  hidden  defect  in  very  many  papers  on  pattern  evoked 
potentials:  they  cannot  be  clearly  interpreted  since  they  confound  contrast 
responses  with  local  luminance  response. 

Examples  of  this  confounding  include  the  following  findings: 

(a)  Richards  and  I  showed  that  although,  as  expected,  evoked  potential 

amplitude  is  attenuated  by  blurring  a  pattern  of  small  checks,  blurring 

a  pattern  of  larger  checks  can  increase  evoked  potential  amplitude^^^ ; 

•.b)  I  showed  that  high  spatial  frequencies  are  "tuned"  to  a  temporal 

xepetition  frequency  about  8  cycles  per  second  whereas  low  spatial  frequency 

f2) 

..csponses  are  tuned  to  a  frequency  of  about  17  cycles  per  second.^  ^ 

Tiius,  the  shape  of  the  grating  modulation  transfer  function  depends  on 
the  choice  of  temporal  frequency. 

Figure  1  illustrates  the  rationale  of  a  test  that  has  been  developed 
that  can  counter  this  problem  (see  also  Appendix  1).  The  test  is  to 
introduce  a  small  luminance  change  into  the  stimulus  and  to  compare  evoked 
potentials  recorded  under  the  following  two  stimulus  conditions:  (a)  when 
contrast  and  luminance  increase  simultaneously;  (b)  when  contrast  increases 
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while  luminance  decreases.  This  test  can  disentangle  two  constituents 
of  pattern  EPs.  We  have  designed  and  constructed  two  visual  stimulators 
that  enable  this  test  to  be  carried  out  and  also  enable  the  test  to  be 


combined  with  routine  assessment  of  contrast  sensitivity  and  visual 
f3) 

acuity.  One  stimulator  generates  checkerboard  patterns,  and  the 


other  stimulator  generates  sinewave  grating  patterns.  The  sinewave  grating 

pattern  stimulator  also  includes  a  multi- 
i  stimulus  interleaving  device  that  improves 


accuracy  by  reducing  the  effect  caused  by 
slow  changes  of  the  EP  with  time. 

Appendix  2  contains  a  technical  descrip¬ 
tion  of  the  variable-contrast  checkerboard 
stimulus  generator  and  Appendix  3 
contains  details  of  the  variable-contrast 
sinewave  stimulus  generator  and  random 
interleaving  computer  programme. 

In  order  to  dissociate  responses 
to  contrast  (pattern)  from  responses  to 
changes  in  local  luminance,  it  is 
necessary  to  separately  record  EPs  to 


Figure  J.  Test  to  dis¬ 
tinguish  between  evoked 
potential  components 
genuinely  due  to  contrast 
change  and  evoked  potential 
components  due  to  changes 
in  local  luminance.  See 
Appendix  1 . 


the  appearance  and  disappearance  of 

pattern.  We  first  described  pattern 

appearance  and  disappearance  responses 
(4  5) 

in  1969  '  using  an  optical  checkerboard- 

mirror  stimulator.  Figures  2 ,  3  and  4  show  that 
our  electronic  checkerboard  stimulator 
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produces  pattern  appearance  and  disappearance  EPs  of  similar  form  to  those 
obtained  by  the  optical  technique. 


left  eye  right  eye 


appearance  disappearance 


500ms 


c1  c3  dr 


Figure  2.  The  appearance  and  subsequent  disappearance  of  a  stimulus 
pattern  produce  two  quite  distinguishable  responses  that  have  different 
cortical  origins,  different  dynamics,  different  binocular  summation  and 
are  differently  affected  by  spatial  frequency  or  check  size.  The  appear¬ 
ance  response  consists  of  three  components  of  which  only  Cl  originates 
in  striate  cortex,  positive  deflection  downwards .  Optical  stimulator . 


Components  Cl,  C2  and  C3  of  the  appearance  EP  are  marked,  and  the 
pattern  disappearance  EP  is  also  marked.  The  stimulus  that  generated 
the  Figure  2  EPs  involved  no  change  of  mean  luminance:  the  transition 
from  blank  field  to  pattern  and  back  again  was  accomplished  with  no  change 
in  total  light  flux.  Figure  3  shows  a  recording  in  which  increase  of 
contrast  was  accompanied  by  a  small  increase  of  local  luminance,  and  a 
recording  in  which  the  same  increase  of  contrast  was  accompanied  by  a 

i 

small  decrease  of  local  luminance. 

Figure  3  demonstrates  that  the  main  component  of  EPs  to  contrast 
increase  is  indeed  mainly  responses  to  contrast  change,  and  is  not  an 
artifact  of  local  luminance  responses.  (This  conclusion  does  not 
necessarily  hold  for  all  components,  nor  for  all  check  sizes,  nor  for  all 
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A  +  B  was  80%  contrast.  Stimulus  rate  1.2  Hz, 
sweeps,  two  repeats.  Positive  upwards. 


Figure  3.  These  evoked 
potentials  were  recorded 
while  the  subject  viewed 
a  pattern  of  checks  that 
appeared  (APP)  and  dis¬ 
appeared  (DIS) .  X  and  Y 
signify  alternate  checks 
as  marked  in  Figure  1 . 

In  the  uppermost  panel , 
checks  appeared  and  dis¬ 
appeared  with  no  change 
in  mean  luminance,  since 
when  X  checks  increased 
intensity  Y  checks 
decreased  by  exactly  the 
same  amount  and  vice  versa. 

In  the  middle  panel  X 
checks  only  changed 
intensity  while  Y  checks 
remained  at  constant 
intensity  (Figure  lA) . 

In  the  lowermost  panel  Y 
checks  only  changed  inten¬ 
sity  while  X  checks  remained 
at  constant  intensity 
("Figure  IB).  The  traces 
show  that  the  main  appear¬ 
ance  component  was  chiefly 
due  to  contrast  change  and 
not  to  local  luminance  change. 
Checks  were  80  min  arc  and 
sw^eep  time  800  msec,  50 


electrode  positions.  The  test  must  be  repeated  for  each  new  stimulus 
condition.)  To  the  best  of  my  knowledge.  Figure  3  is  the  first  time  that 
this  stimulus  manipulation  has  been  carried  out  for  an  electronically- 
generated  stimulus.  Figure  3  shows  that  our  electronically-generated 
display  enables  verification  that  an  EP  is  a  genuine  contrast  response, 
and  this  verification  can  be  carried  out  under  computer  control  in  the 
course  of  routinely  measuring  visual  acuity  or  contrast  sensitivity. 


Now  we  turn  to  the  sinewave  grating  stimulator.  This  stimulator  has 
the  following  facilities:  (1)  Successive  presentation  of  four  predetermined 


contrast  levels  can  be  interleaved  so  that  four  EPs  are  recorded  simul¬ 
taneously.  This  interleaving  procedure  combats  the  disturbing  effect 
of  slow  EP  changes  with  time  so  as  to  improve  the  accuracy  of  measuring 
EPs  for  different  contrast  levels.  The  interleaving  procedure  is  carried 
out  by  specially-constructed  electronics  controlled  by  a  Commodore  PET 
microcomputer.  Averaging  is  achieved  by  means  of  a  hard-wired  four-channel 
averaging  computer  (Nicolet  CA-1000).  Grating  stimuli  are  displayed  on 
a  CRT  made  by  Joyce;  (2)  The  direction  of  contrast  change  and  local 
luminance  change  can  be  dissociated  (as  described  for  the  checkerboard 
stimulator)  so  as  to  verify  that  the  sinewave  grating  EPs  are  genuine 
responses  to  contrast  and  are  not  artifacts  of  responses  to  changes  in 
local  luminance. 

Figure  4  shows  EPs  to  the  appearance  and  disappearance  of  a  sinewave 
grating  pattern  of  spatial  frequency  2.5  cycles  per  degree.  Reading  from 
the  top,  the  four  traces  are  responses  to  gratings  of  contrasts  12.5%, 

25%,  50%  and  100%  respectively.  There  are  50  sweeps  for  each  trace,  and 
the  four  stimuli  were  randomly  interleaved  in  blocks  of  four.  The 
stimulus  cycle  time  was  600  msec  and  sweep  time  500  msec.  Figure  4  shows 
how  the  amplitude  of  the  C2  component  of  the  appearance  EP  rapidly 
increases  with  contrast  only  up  to  a  contrast  of  25-50%,  and  then  saturates 
at  higher  contrasts.  The  disappearance  EP,  on  the  other  hand,  is  only 
evident  at  the  highest  contrasts. 
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Figure  4,  Averaged  transient  evoked  potentials  elicited  by  the  appearance 
and  disappearance  of  a  sinewave  grating  pattern  of  spatial  frequency  2.5 
cycles  per  degree.  Reading  downwards  from  the  top,  contrasts  were  12.5%, 
25%,  50%  and  100%.  Fifty  presentations  of  each  contrast  were  recorded, 
interleaving  in  blocks  of  four.  Stimulus  cycle  time  600  sec,  sweep  time 
500  msec.  Positive  upwards. 


Conclusions 

Visual  evoked  potentials  can  be  used  to  objectively  assess  visual 
acuity  and  visual  contrast  sensitivity.''  ’  ^  Human  visual  responses  to 
pattern  and  to  local  changes  of  luminance  can  be  disentangled.  Electroni¬ 
cally-controlled  visual  stimulators  allow  rapid  computer-controlled 
recording  methods  to  be  used. 

We  have  shown  that  electronically-controlled  visual  displays  can  be 
constructed  that  are  adequate  in  the  following  respects: 

(a)  Stimulus  edges  are  sharp  even  for  10  min  arc  checks  in  a  5°  field, 
and  contrast  changes  are  sufficiently  free  from  luminance  artifacts  so 
that  the  EPs  to  pattern  appearance  and  disappearance  are  similar  to  those 
obtained  with  the  best  optical  stimulators. 
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(b)  Switching  between  pattern  and  blank  fields  is  sufficiently 
well-balanced  that  artifact-free  contrast  EPs  can  be  recorded  down  to 
near- threshold  contrast  levels. 

(c)  The  direction  of  contrast  change  and  the  direction  of  local 
luminance  change  can  be  dissociated,  both  for  checkerboard  and  for  sine- 
wave  grating  stimuli,  so  that  verification  of  contrast  responses  can  be 
carried  out  (see  Figures  153). 

(d)  It  can  be  arranged  that  both  stimulus  contrast  and  spatial 
frequency  are  under  computer  control,  as  is  the  memory  location  in  the 
averaging  computer,  so  that  the  presentations  of  different  stimuli  can 

be  randomly  interleaved  by  the  use  of  appropriate  software.  When  combined 
with  signal  averaging,  this  procedure  improves  accuracy  since  it  minimizes 
the  disturbing  effects  of  EP  nonstationarity. 
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APPENDIX  1 


Pattern  stimulation  does  not  necessarily  give  pattern  EPs 


Presenting  a  patterned  stimulus  to  the  eye  does  not  necessarily  give 
an  EP  that  is  entirely  (or  even  partly)  specific  to  pattern,  even  when 
there  is  no  change  in  total  stimulus  light  flux.*  For  example,  in  pattern- 
reversal  stimulation  the  bright  and  dim  checks  abruptly  exchange  places 
so  that  there  is  no  change  in  total  light  flux.  How,  then,  can  there 
be  any  luminance  stimulation?  Indeed,  if  the  receptive-field  size  for  the 
luminance  mechanism  is  very  much  larger  than  the  check  size,  then  there 
will  be  no  luminance  stimulation  because  each  receptive  field  will  "see" 
zero  change  in  total  light  flux.  However,  if  the  receptive  field  for  the 
luminance  mechanism  is  about  the  same  size  as  a  check  (or  smaller)  and 
there  is  some  nonlinear  distortion  before  spatial  summation,  then  there  can 
be  a  luminance  response.  Imagine  that  one  receptive  field  is  stimulated 
by  repetitive  changes  of  intensity  at  a  frequency  F  Hz.  Imagine  that  the 
neighbouring  receptive  field  is  similarly  stimulated  but  in  the  opposite 
phase,  so  that  the  first  receptive  field  is  brightest  when  its  neighbour 
is  darkest.  (Thus,  the  two  receptive  fields  are  on  opposite  sides  of  the 
contrast  border  whose  contrast  reverses  at  a  frequency  of  2F  Hz.)  The 
point  of  all  this  is  as  follows:  it  is  known  that,  due  to  a  rectifier- 1  ike 
nonlinearity,  local  luminance  changes  at  F  Hz  will  generate  distorted 
signals  containing  a  component  at  2F  Hz,  so  that  after  spatial  summation 
(whose  effect  is  to  cancel  the  F  Hz  signals)  there  will  be  a  residual  2F  Hz 


*  Flashed-pattern  stimulation  may,  of  course,  produce  responses  to  luminance 
change  as  well  as  to  pattern.  In  addition  there  may  be  EP  components 
related  to  nonlinear  interactions  between  luminance  and  pattern  responses, 
but  we  do  not  discuss  this  form  of  stimulation  here. 
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signal  due  to  local  liiiniMaitcc  flicker;  this  I'csidiial  signal  lias  exactly 
the  same  frequency  as  genuine  responses  to  contrast  ri'versals.  I'he 
ii'i[H)rtant  point  is  that  this  net  response  could  occur  in  the  ahscncc  of 
ail}’  pultcrn  response  (ivlierc  a  true  pntTcrn  rosjionsc  is  giiiei’ated  by  a 
change  in  siiatial  contriist  iicross  a  contrast  horilcr)  . 

In  general,  an  liP  to  patle'rn  stimulation  ci'ntains  botli  a  jiattern- 
sjU'cific  contribution  and  a  Imal  liiiiiinance  <’i'iit  i  ibut  i  on .  Vote  that  tlie 
two  contributions  have  ideuitic.’il  temporal  lepetition  f  reinu  iic  i  es  .  As 
check  si:;c  rises  (or  sjiatial  freijuiiicy  falls),  tlic  1  oca  1  - 1  inn  i  name  contri¬ 
bution  will  greuv'  relatively  l;irger.  A  |)roc<ilui'e  for  d  i  a  nl  ..i.gl  i  ng  ibe 
two  ceMit  r  i  but  i  ons  has  been  described  for  jiattcTii  appea  I’ancc/d  i  sapjiea  I’ance 
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intensity  of  the  Y  squares  has  been  preset  to  a  different  level.  One 
jiossible  outcome  is  illustrated  by  the  EP  waveform  b.  Here  the  EP 
asymmetry  has  reversed,  showing  that  the  first  part  of  the  waveform  is 
a  response  to  jiattern  appearance  rather  than  to  light  flux  increase.  A 
second  possible  outcome  is  illustrated  by  the  EP  waveform  a.  The  EP 
asymmetry  has  not  been  reversed  by  the  stimulus  manipulation.  Thus,  the 
second  part  of  the  waveform  a  is  a  response  to  light  flux  increase,  and 
this  test  has  given  no  evidence  for  a  true  response  to  contrast  change. 

A  third  possible  outcome  is  intermediate  between  the  waveforms  a  and  b. 

This  would  mean  that  the  waveform  contained  resiionses  to  both  contrast 
change  and  light  flux  change.  By  way  of  illustration,  one  application  of 
this  test  has  been  to  sliow  that  electroretinograms  (ERGs)  elicited  by 
pattern  stimulation  are  most  probably  responses  to  local  changes  of 
luminance  rather  than  genuine  contrast  responses .  ^ Clearly,,  this  test 
cannot  be  used  when  the  HP  is  symiitetric,  as  in  the  case  of  I'esj'jonsos  to 
pattern  reversal. 
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(f)  INTF.RACTIONS 


Invited  participant  in  Workshop  on  visual  aspects  of  flight  simulation, 
NASA/NATO,  Ames  Research  Center,  California  (1980). 

Invited  speaker  at  Workshop  on  Visual  Cues  in  Flight  Simulation,  NRC 
Committee  on  Vision,  Phoenix,  Arizona  (1980). 

Invited  speaker  at  Atlantic  Provinces  Ophthalmologists  Society  annual 
meeting,  Halifax,  Canada  (1980). 

Invited  lecture  at  Workshop  on  Physiological  Basis  of  Hvoked  Potentials, 
Sloane  Foundation,  C;n'mel ,  California  (1980). 

Invited  lecture  on  ph)'siology  of  motion  and  depth  vision,  Satellite  SNiniiosium 
of  International  Physiological  Congress,  Braunlage,  West  C.ermany  (1980). 

Invited  lecture  on  the  jihysiology  of  binocular  vision,  annual  meeting  of 
the  International  Society  for  Clinical  L-RC,  Amsterdam  (1980). 

Invited  lecture  on  motion  perception  and  skilled  tasks.  Concordia 
University,  Montreal  (1980). 

Visiting  Professor  series,  invited  lecture  to  Ophthalmology  Department, 

Tufts  University,  Boston  (1981). 

Two  invited  lectures  on  visual  diagnostic  methods  at  Neuro-ophthalmology 
Course,  Bascom  Palmer  Eye  Institute,  Miami  (1981). 

Invited  lecture  on  visual  and  auditory  tests  in  multiple  sclerosis  at  a 
Workshop  on  Basic  and  Clinical  F.lectrophys  iology  of  Dcmyel  inating  Disease, 
U.S.  Multiple  Sclerosis  Society,  Vail,  Colorado  (1981). 

Invited  lecture  at  Evoked  Potentials  Conference,  McMaster  University, 
Hamilton,  Ontario  (1981). 


Invited  lecture  on  motion  in  depth.  Ncurosc i ences  Program,  University 
of  Wisconsin,  Madison  (1981). 
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(With  M.  Cynadcr) .  Lecture  on  motion  in  depth  neurons  to  tlie  Association 
for  Research  in  Vision  and  O]ihtlialmology  (ARVO),  Sarasota  (1981). 

Invited  lecture  on  evoked  potentials.  New  York  Academy  of  Sciences, 

New  York  City  (1981). 


Discussion  and  presentation  on  evoked  potentials  at  Kright-Pattern  Air 
Force  Base  Seminar  (1978).  Seminar  at  Williams  AFB  (1979).  Meeting  on 
vision  in  aviation,  Williams  AFB  (1980).  Momher  of  .\'RC  Committee  on 
visual  simulation  in  flight  training.  Member  of  Nil)  (NEl)  Ophthalmology 
panel  writing  1981-86  five  year  plan  for  funding. 


(g)  PATENTS 

No  patents  arising  from  this  grant. 


